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IN TR O D U C TIO N
In the Com m onwealth of Pennsylvania, the m anual repair of
potholes involves an annual expenditure exceeding $25 million, which is
second only to snow removal in the m aintenance budget. Prior to 1980,
it was com m on practice for repair crews to practice a “throw and go”
policy, with patch m aterial placed in the potholes without removing
debris or loose m aterial. Frequently, there was no com paction at all or
only m inim al com paction, often with the back of a shovel or truck tire.
Such repairs were typically short-lived. A crisis situation gradually
developed because the crews were unable to keep pace with the num ber
of potholes that developed each spring. Many of the potholes were filled
several times each season, which inconvenienced the public and caused
poor public relations.
A value engineering study ( 1) indicates that the cost of pothole
repair that is repaired with a “throw and go” policy is approxim ately
$307.68/ton. A properly repaired pothole, because it needs to be
repaired only once, costs approxim ately $65.22/ton.
This situation caused the Pennsylvania D epartm ent of T ran sp orta
tion to review its methods of pothole repair. A comprehensive evalua
tion of current (1980) practice, m aterials, equipm ent, and m anpow er
utilization was undertaken. As a result of this evaluation, a new
specification for cold stockpile patching m aterial was developed, a do
it-right policy including a revised set of procedures was adopted, and an
intensive training effort was undertaken. In this paper, pothole p atch 
ing is discussed as it occurs on state highways ranging from low-volume
roads (< 400 ADT) to m ajor expressways. It is assumed that the p atch 
ing occurs from later winter to spring as a result of the spring thaw.
Utility patching and large-scale m echanized patching are not included.
This paper describes the results of studies conducted by T he Penn
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sylvania State University for the Pennsylvania D epartm ent of T ranspor
tation as well as the results of studies conducted within the D epartm ent.
PROCEDURES
T he procedures described in this paper have been developed for use
with cold stockpile patch m aterial or hot mix. Standard wearing course
hot mix is used for pothole repair when it is available; otherwise cold
stockpile m aterial is used. Cold stockpile m aterial (2) is m ade with
MC-400 cutback or MS emulsions in a conventional hot mix plant.
Traveling plants or blade-m ixed cold mixes are not perm itted because
adequate quality control is difficult to obtain.
M arking

M arking defines the am ount of m aterial that should be removed. The
crew forem an is responsible for deciding how m uch pavem ent m aterial
should be removed. M arking is a form of w ritten com m unication b et
ween the forem an and his crew, a way of leaving instructions for the
crew so that the forem an can look after other operations. This step may
seem trivial to some, but extensive production studies have shown that
almost one-third of the time available for cutting is lost because the
worker operating the pavem ent breaker is waiting for instructions.
In some cases, the forem an’s estim ate of the weakened area that must
be removed will change after the cutting begins, especially on severly
distressed pavements. In those cases the forem an must review the cu t
ting operation as it proceeds and direct the person doing the cutting to
enlarge or reduce the area as necessary.
Cutting

T he purpose of cutting is to remove weak and deteriorated m aterial
so that there will be firm m aterial around the repair. Repairing a
pothole can be com pared to repairing a rust spot on a car. For the patch
to hold, all of the rusted m aterial must be cut out. However, it is im por
tant that no m ore m aterial than necessary be removed during cutting.
C utting excess m aterial is costly in terms of time and m aterial.
V ertical sides— A fter cutting is com pleted, the sides of the hold
should be vertical. Vertical sides are im portant because they confine the
patch m aterial. This confinm ent is an aid during com paction and
prevents the patch m aterial from pushing out of the hole later under
traffic loads (Figure 1).
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Figure 1. Confinement as a compaction aid.

Shape—T he hole does not have to be cut in the shape of a square.
Often an L- or T-shaed cut is m ore effective. The cut should be m ade
with a series of straight lines. An irregular or circular shape should be
avoided. Because the bits on the cutting tools are flat, it is difficult to
m ake a clean cut unless the cut is in a straight line. Excess m aterial
should not be removed, but the hole must be cut back to sound m aterial
(Figure 2).
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Figure 2. Cutting patterns.
U sing the cu ttin g tool—The cutting should begin at the center of
the hole and proceed to the edges; the m aterial should be broken and
loosened as the cut is widened. T he cutting bits are sharpened with a
single bevel, and the bevel edge of the bit should be pointed toward the
center of the hole. By proceeding in this m anner, the disturbance at the
edge of the cut will be minimized. The practice of using the cutting tool
to make an initial cut to outline the hole should be avoided because it
tends to fracture the pavem ent on both sides of the cut (Figure 3).
W hen the cutting is Finished, the edge of the hole should contain
sound, unbroken m aterial. If the cutting tool is wedged into the pave
m ent or rocked back and forth, it may crush the stone and crack the
surrounding pavem ent. The repair will not easily adhere to such an
edge.
Studies conducted at T he Pennsylvania State University have shown
that the sharpness of the bit has a very strong influence on the rate of
cutting. The cutting rate with dull bits is 30 to 40 percent greater than
the rate with sharp bits. A sharp bit will also cause less pavem ent
dam age. Crews should carry several spare sharp cutting bits.

31

Figure 3. Proper cutting technique.
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Cutting versus sawing—At first, sawing appears to be an attractive
alternative to cutting. However, it results in a smooth cut, to which it is
difficult to bond m aterials, especially asphalt-based repair m aterials.
T here appears to be little advantage in expanding the use of sawing in
pothole repair.
Depth of cut—The cut should be deep enough to remove all loose
and deteriorated m aterial. Often this is a m atter of removing a thin sur
face layer. In rigid base pavements, it is im portant to remove all the
loose m aterial from the bottom of the hole, as shown in Figure 4. This
layer of loose m aterial does not provide a bond, and traps water and salt
that continue to destroy the concrete and cause the repair to fail
prem aturely. If the loose concrete extends below the steel reinforce
m ent, or if the loose m aterial cannot be completely removed from the
pothole, the repair cannot be considered perm anent; m ore extensive
repairs will have to be scheduled. Failed or pum ping concrete joints
cannot be repaired successfully by the usual pothole repair m ethods.
W ater beneath the pavem ent will push the repair out of the hole if the
slab works up and down with traffic. The repair procedure shown in
Figure 4 acceptable as a tem porary m easure in the winter, but the pave
m ent should be scheduled for perm anent repair as w eather perm its.

Figure 4. Deteriorated concrete pavement.
M ultiple surface treatm ents are an alternative procedure for rep air
ing potholes in thin pavements. These repairs are generally m ade
without any cutting or cleaning. A rapid setting emulsion or rapid cu r
ing cutback and 3/8- to 1/2-in top-size stone are used to build up the
repair. Such repairs are confined to low-volume roads.
Cleaning

T he purpose of cleaning is to provide a surface to which the patch
or the tacking m aterial can adhere. W ater, loose dirt, or debris must be
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removed from the vertical faces and bottom of the hole. Loose pieces of
pavem ent should be knocked from the edge and the bottom during
cleaning. T he corners are hard to clean, but they are particularly im 
portant because they are the weakest area of the patch.
Com presed air delivered from a blowpipe is the best cleaning
m ethod (Figure 5). T he blowpipe directs the air stream and helps to
dislodge m aterial from the corners of the hole. W hen compressed air is
available, it should be used for cleaning. A second low-pressure line for
cleaning purposes may be added to some compressors.

Figure 5. Cleaning with blowpipe.
Cleaning the hole with compressed air should always be done with
the second line of the air compressor. This will avoid interrupting the
cutting operation and will improve productivity and production. W hen
this practice is not followed, production will be reduced by 10 to 15 p er
cent.
Brooms do not work very effectively in the corners of the hole, and,
therefore, particular attention should be given to the corners during
broom ing. Care should be taken not to fill up the corners with debris
when cleaning with a broom . A stiff broom is best because it helps
dislodge loose stone particles.

Tacking
T he purpose of the tack is to “wet” the old pavem ent so that new
patch m aterial will stick or bond to it. Tack is not used with cold mix
because cold patch m aterials are m ade with a soft asphalt (cutback or
emulsion) that will stick w ithout heating. The stockpile cold mix used in
Pennsylvania (2) is rich in asphalt and, if the hole is clean, it should self
tack. A dding tack to cold mix may cause an excess of asphalt, which will
cause the patch to rut and shove. T he solvent in cutback tack can dilute
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the asphalt, perm itting water to strip the asphalt from the stone, caus
ing raveling and shoving.
E m ulsion— Slow-setting are preferable for tacking. They can be
applied to a dam p or wet pavem ent. The em ulstion cures partially by
evaporation, but it will stick to dam p surfaces. Hot mix may be applied
against the emulsion immediately, as long as the emulsion is properly
applied in a thin film. Emulsion may be applied by brushing or spray
ing, but it should not be poured from a can. Pouring does not give even
coverage and produces a thick film. A cceptable methods of application
are sum m arized in Figure 6.

Figure 6. Proper tacking techniques.
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C utback— In the winter or early spring, an RC-250 cutback may be
used as a tack. It may be sprayed or brushed on; pouring is not accep
table. C utback m aterials are the least desireable tacking m aterials
because they are difficult to handle without heating and because the sol
vent can soften the patch.
H ot asphalt cem ent—H ot asphalt cem ent is generally not available
during winter months. It is not an effective tack m aterial unless it is
sprayed onto the edge of the repair. Hot asphalt cem ent should not be
poured from a “tar pot” because the rate of application cannot be con
trolled and excess m aterial will be applied.
Q u an tity of m aterial—The adage “the m ore the better” is not ap 
propriate for tacking m aterials. T he tack should form a thin film on the
old pavem ent. Hot asphalt cem ent poured from a can is not acceptable
because it cannot be applied thinly enough. Excessive tack m aterial, es
pecially if not given time to cure, is often the cause of a bleeding or
shoving patch.
Filling

T he next step in the repair procedure is the filling of the pothole.
W hile this step appears simple, it can contribute to poor perform ance if
it is not done properly. T he patch m aterial should be shoveled into the
hold from the tailgate of the truck. Patch m aterial should not be raked
off the tailgate into the hole because this may cause the patch m aterial
to segregate. Loose m aterial should be tam ped into the corners and
edges. The blade of a shovel is an effective tam ping tool, as shown in
Figure 7.
T he patch m aterial should be placed in even layers until there is
sufficient m aterial m ounded above the surface of the pavem ent. It is
very im portant that enough initial m aterial be placed in the hole so that
after final com paction, the surface of the patch is slightly above the
pavem ent surface.
Potholes which are deeper than 5 to 6 in. should be filled in more
than one lift. Lifts thicker than 5 to 6 in. are difficulty to com pact.
M aterial must not be spilled onto the old pavem ent. This will limit
com paction, as shown in Figure 8. Excess m aterial should be shoveled
from around the hole during the first few phases of the roller.
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Figure 7. Proper filling technique.
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Figure 8. Spillage outside repair.
Compaction

Com paction is one of the most im portant steps in the repair pro 
cess. If the m aterial is not adequately com pacted, it may push out of the
hole; com pact under traffic, causing a depression in the hole; or ravel
out of the hole. It is im portant that the m aterial be com pacted against
the edges of the hole to prevent raveling, water dam age, and shrinkage
between the repair and the old pavem ent.
T he first few passes should be used to pinch the patch m aterial into
the hole. Subsequent passes should be m ade over the m iddle of the hole.
A few passes with the outside edge of the roller on the inside edge of the
patch help to push the patch m aterial against the edge of the holes.
W hen there are ruts in the road, the roller should be run across the
road, if possible, rather than down the road. This will minimize the
tendency of the roller to bridge the ruts, as shown in Figure 9. W hen
com paction is com pleted, the finished repair must be slightly higher
than the original pavem ent. This will ensure that the roller is “pushing”
on the patch rather than bridging the repair, as shown in Figure 10.
This point is very im portant: the authors found that most of the dishing
experienced in the field was caused by poor com paction resulting from
insufficient patch m aterial in the hole.

38

Figure 9. Transverse rolling.
Edge Sealing

T he purpose of edge sealing is to keep water from penetrating the
joint between the pavem ent and the repair. T he cost effectiveness of
edge sealing is questionable and its use may be m ore cosmetic than
functional. In Pennsylvania, it is used at the discretion of the district en
gineer.
Hot asphalt cem ent, emulsion, or RC cutback can be used for edge
sealing hot mix. Hot asphalt cem ent must be heated in a m elting unit.
Emulsion or cutback should be blotted with clean sand or fine screen
ings. Coarse stone should be avoided because it can dam age car win
dows. Dust and dirt shoveled from the side of the road should not be
used, because they often contain too m uch fine dust.
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Figure 10. Proper filling of hole.
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Edge sealing can be done by m aking a skin patch around the edge
of the hole. RS-2 and CRS-2 (3) emulsions are satisfactory for this tech
nique. RS-2 and CRS-2 emulsions may set before they can be brushed or
broom ed out. If this happens, their use should be discontinued.
SS-1 and SS-1h emulsions can be used to paint the edge of the
patch, rather than to build up a skin patch as with RS-2 and CRS-2.
SS-1 and SS-1h emulsions should be broom ed or brushed out to avoid a
build up of m aterial on the surface of the pavem ent, and they should be
sanded to prevent tracking and to help seal the surface.
It is im portant to avoid excess liquid when edge sealing, especially
with cold patch. Excess liquid can soften the patch and lead to bleeding
and shoving. W hen an overlay is placed on a pavem ent, the excess li
quid may also soften the overlay.
EQ UIPM ENT
A detailed evaluation of a wide variety of equipm ent that can be
adapted to pothole repair was m ade in the field by Penn State re
searchers. Pothole repair equipm ent is used in the following areas: cu t
ting or hole preparation, mixing, transporting, cleaning, tacking, and
com paction. T he equipm ent was evaluated with respect to cost, reliabil
ity, productivity, and effectiveness. T he prim ary conclusion that was
drawn from the equipm ent review is that new and exotic equipm ent is
not the answer to a cost-effective quality repair.

Cutting or Hole Preparation
C utting can be done with hyraulic, gas-operated, or air-operated
cutting tools. T he gas-operated m achines such as the Pionjar Model
120, are lim ited to asphalt pavements. Although it is the slowest of the
three types of tools, its slowness is com pensated for by its mobility. It is
not tied to a compressor and, therefore, with a gas-operated cutting
tool, the cutting operation is independent of the other operations. The
authors do not consider sawing appropriate for pothole repair.
A num ber of infrared or radiant heaters, such as the Poweray H eat
and Serve, are m arketed for repairing potholes. These unites apply heat
directly to the pavem ent surface so that the surface may be leveled and
rolled again. Hot mix, carried in a hot box that is part of the unit, may
be added as needed during the repair. This equipm ent is best suited for
repairing overlays, sm oothing and blending of utility cuts, and leveling
old patches where the pavem ent is structurally sound but the surface is
uneven. These pavem ent heaters effectively soften only the upper pave
m ent layer and therefore do not produce a full-depth repair.
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M ixing and Transporting

The Pennsylvania D epartm ent of T ransportation does not allow
on-site or stockpile m ixing of patch m aterials except in emergencies.
Reclaim ed m aterial is not used for pothole repair, and therefore
reclaim ing equipm ent was not reviewed during the research.
To obtain adequate com paction it is im perative that hot mix be
held at a reasonable tem perature (less than 257 F) until it is used. This
can be accom plished by the use of hot boxes such as the Poweray 4TSU
or the RGS Therm olay units. In addition to keeping hot mix at an ac
ceptable term perature, these units can be used to warm cold mix in cold
w eather if the units are filled in the evening. The D epartm ent makes ex
tensive use of the 4TSU Poweray units.
Self-contained patching units, such as the RGS Therm olay unit,
are useful for widely spaced potholes or for responding to com plaint
calls. T he authors have found that the hydralic com pactors supplied
with these m achines are ineffective, and a small vibratory roller such as
an Essick V30W -R should be used for com paction.
Cleaning

Studies conducted by the authors on m ore than 800 repairs show lit
tle difference in longevity of repair between holes cleaned by broom ing
and those cleaned by air blowing. Air blowing is best accom plished with
a 3-to 4-ft. blow pipe attached to a hose fitted with a dead m an valve.
T he valve, together with a m axim um air pressure of 30 psi, is an OSHA
requirem ent. The blowpipe allows the air to be directed at the corners
of the hole without requiring the operator to bend over.
Small blowers that can be m ounted on an operator’s back were also
evaluated and found ineffective for cleaning purposes. Blow torches and
heating devices are unnecessary as long as the hole is broom ed or airblown free of water.
Compaction

Proper com paction is essential to repair longevity. Small static
rollers of the 4-to 6-ton variety were found inadequate for either cold
mix or hot mix. A dditional purchases of this roller for pothole com pac
tion have been discontinued. Small vibratory rollers, such as the Essick
V30W -R, are satisfactory as long as they are used in the vibratory m ode.
T he Essick V30W -R has the advantage that it can be hung from the
tailgate of a dum p truck. More com paction effort is required for a p o t
hole than for a continous m at. Approxim ately twice the num ber of
passes is required, typically 8 to 10 passes (Figure 11).
Small vibrating plate com pactors, such as those often used for soil
com paction, will give acceptable levels of com paction. However, these
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Figure 11. Growth curve for Essick roller.
units require a m uch longer com paction time than the one or two casual
passes used by the typical crew. Several m inutes of running time per
square foot are usually required.
PRO D UCTIVITY
A pproxim ately 50 repair operations were studied to evaluate crew
productivity. Deployment to the work site, crew size, assignment of tasks
to individual crew m em bers, and equipm ent utilization practices were
also docum ented. From these studies, the Penn State research team was
able to form ulate im portant recom m endations to the D epartm ent.
Also, the departm ental planning standards, 6 tons/day and 4.73 m anhours/ton, were verified.
On roads where potholes are num erous, the most significant con
clusion was that unless the crew is productionized, i.e., each crew
m em ber is assigned to perform the same task on each pothole, produc
tion and productivity goals will never be reached. An assembly-line ap 
proach must be adopted, and crew forem en must dem onstrate leader
ship skills.
Cutting is the most im portant operation in the repair process be
cause it establishes the pace of the crew. Forem en must remove all b ar
riers to cutting and keep the operation moving. In the Penn State
studies, the efficiency of the cutting operation was reduced by 30 per
cent because of waiting for instructions. Blowing debris from the hole
with an air compressor leads to an additional 10 to 15 percent loss in ef
ficiency. M arking the boundaries of the repair and sharp cutting tools
were observed to increase productive output.
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If cutting is continuous, the other operations will follow smoothly.
In the Penn State studies, cleaning, filling, and com paction efficiencies
were reduced by 40 to 60 percent because there was no hole available.
Filling holes in m ultiple lifts is also inefficient and was practiced far
more often than necessary. If cutting gets too far ahead of cleaning or
filling, the repair process will invariably slow down or stop. Since these
operations take less time than cutting, delays are most often associated
with late m aterial deliveries. Com paction is seldom a factor in reducing
production and productivity. However, com paction was found to be
very erratic in terms of the num ber of passes.
T he best crew size is five or six including the forem an but excluding
persons for traffic control. Larger crews will m ean that productivity
standards will not be achieved. W here holes are widely dispersed and re
quire travel between holes, the best crew size is three. Production stan
dards cannot be reached, but productivity goals can be satisfied if the
hole is completely repaired in 20 m inutes.
M ATERIALS
W hen it is available, conventional dense-graded hot mix wearing
course (V^-in. nom inal m axim um aggregate size) mix is used for pothole
repair. W hen hot mix is not available, cold stockpile patch m aterial
(PaD O T designation 485) is used. Reclaim ed m aterial, blade-m ixed
m aterial, and m aterial mixed on site are not used because it is imposs
ible to provide adequate quality control.
T he cold stockpile mix that is currently used is the result of an ex
tensive study by K andhal and Mellott of the Pennsylvania D epartm ent
of T ransportation (2). T he resulting mix design represents a com 
promise between conflicting requirem ents (5):
Aggregate gradation. Open gradation provides good workability,
but dense gradation improves durability.
Aggregate shape. Rounded aggregate provides good workability,
but angular aggregate is necessary for in-place stability.
Binder viscosity. Low binder viscosity is necessary for storageability
and workability, but higher viscosity provides better cohesion after
the mix is in place.
Binder content. High residual bitum en content is necessary to pro 
vide stickiness and durability of the asphaltic film on the aggreg
ate, but binder content is lim ited by the fact that excessive binder
will drain from hot mix when it is first placed into the stockpile.
G radation on the 485 cold patch m aterial is as follows: 100 percent
passing 3/8 in., 85 to 100 percent passing the No. 4 sieve, 10 to 40 p er
cent passing the No. 8 sieve, 0 to 10 percent passing the No. 16 sieve,
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and a m axim um of 2 percent passing the No. 200 sieve. T he result is a
workable, stable mix that contains sufficient liquid to be self-tacking.
PaD O T Bulletin 26 details the specifications for this mix and contains
recom m ended testing procedures to insure low -tem perature workability
and m axim um allowable liquid content.
Any antistrip additive used in cold patch m ixtures should be
carefully evaluated with the job mix aggregate and not a standard
reference aggregate. The cutback producer should certify com patibility
of his cutback with the job mix aggregate. One further note: the 485
cold mix is produced in hot mix plants using heated, dried aggregate.
T he level of plant inspection is the same as required for hot mix. The
current price for 485 cold mix is approxim ately $25 to $30 per ton. Per
form ance of this m aterial has been excellent, providing a truly perm a
nent repair.
SUMMARY AND CONCLUSIONS
Long-lasting, cost-effective pothole repairs are possible with con
ventional m aterials and equipm ent. Exotic m aterials are not a panacea
for the pothole repair problem . To be effective, a do-it-right policy
m ust be adopted and it must be fully supported by all levels of m anage
m ent.
Cold stockpile mixes can be used for perm anent repairs. This is ver
ified by the data shown in Figure 12, which are the result of observations
of m ore than 600 potholes repaired with cold mix. T he key to obtaining
a long-lasting repair is to use quality m aterials, properly com pacted into
a w ell-prepared hole.

Figure 12. Longevity of cold mix repairs.
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